
  
 ���� �� �	
� � ����� ����� ���� ��� �� ���� ��� � ����! "#$ %��&�' �(�

���$ ") *�� +	 �� ,���-��.!/  
  

�0#1 2$� 3��11*-����� 2��� 2-,�.��� "�8�) 3  
������ ����	:23/9/89  

��� ����	:10/11/90  

  
�����  

   ������ �	�
�� 	 ��  ��� ����� �����     �
�� ��� � ��!�" #$% �   �&    '(�� � �)*P �K �Ca �Mg � Na �	��+, ��& � �-	� ��  .���/&�+0"�  
)(Helianthus annuus L.2	��� �3��&  .& �	�
��� 5
�6 ���7� �3 �& �"��8� 9�
�� �	�: ;�< =%�� �� � 5	��0��" >��? >2+
   @A+: �� ��+��� 

  BC3)�D?  �2  �4  �8  �22 ��� (�      �� �%� ��� IJA
 �� BC3 )     � �
�� ��� %  ��!�" #$ (        BC3 �3 �� �%� ��� �, �)�D?  �15  �30  & O��   P�Q O������ � (
 26 O�$�� .     �� ��� .�-� @	�0�          '(�� � �)* �P�Q .26 ����� >2
 �	�R"� �&P   � K         '+(�� ��	��, ��& � �-	� �� Ca   � Na      '+(�� ��-+	� �� 

Mg     �)* ��	��, ��& Ca   � Mg        '(�� � �)* � �-	� �� Na    �0"� �	��, ��& ��         '(�� � �)* �%� '"�	 �	�R"� .���/&P       �)+* � �-+	� �� 
K        '"�	 �,�� 9��2$
 �	��, ��& � �-	� ��  . '(�� � �)* �P�Q .26 ����� >2
 �	�R"� �&Ca   '+(�� �+%� '"�	 �,�� �	��, ��& �� Ca 

     '"�	 �	�R"� S��&�� �	��, ��& �� .       �)* �& P�Q .26 ����� ���Mg    �AT
 �	��, ��& ��  ��J� ���.           �	�R+"� � ��!�" #$% � �
�� ��� ��&��� �& 
       '(�� � �)* �U�� �"�8
 BC3P        �)* ��	��, ��& � �-	� �� Ca           '(�� � �)* � �	��, ��& � �-	� �� Na    '+"�	 �	�R+"� �	��, ��& ��  .

    '(�� � �)*K                   " #$% V�8
 �& �%� '"�	 �	�R"� .� �"�8
 BC3 �	�R"� � �
�� ��� ��&��� �& �	��, ��& ��   '"�	 �,�� ��!� .  ����� �����
                  W7X�& � '6�� �/0Y& �"�8
 �%� ��� ��2Z
 � IJA
 �& �	��, ��& � �-	� �� [	23 � V�8
�: �?�AX '(�� � �)* �& P�Q .26 .   .�-+� @	�+0�

S��� �0\ �� ��� P�Q .26 ����� S���� ��,)2���  ('(�� �&'6�� >2
 ��]�< >���� S��� �� �?�AX ��, .�& ��< .���/&�0"� S��� ����P�Mg  � 
Na � �-	� �� ��Ca�%�\ �� ��� �06�J�� �	��, ��& �� ��  '(�� ��K�AT
 >��D� �-	� �� '6�2� �	��, ��& �& ���� .  

  
���	
���� 
�:[	23 �V�8
�: �?�AX ���!�" #$% ��
�� ��� ������ �.���/&�0"�   

  
����� 1    

    [	R�A
 � [�Y�� �[�3�0: ��DY"   ���+& ����! V�8
�: �?�AX �� 
     �
 O�� � .�Y�� �S��� �	)^� 2A+6�& .          �+	)^� �� 2+�D
 �+?�AX �� [	2+3

      �
 O�� � .�Y�� �	)^� ���& ����! V�8
�: �?�AX �� � .�,��� 26�&
)1  �28 �  42 .(            ��	)+:_�D� ���+& � 2�3� `��T� aD\ �� [�3�0: � [	23

 ̀ ��3 ��-�       & �� �� I	��� � �Rb3� [�(A� ��,      �+Z� O�� � .�Y�� .2
2���� .     .�2�� 'Q�3 �� �DY" � [�Y�� .���03� ��,       O�+$�� ���+& � �+,

 �A��� O�b�           2A0Y+, ����+! O�� � .�Y+�� .2& �� �	��b�6��& ��, .

������������������������������������������������������������
2�1�3-        O�+�X S��+� ��	��03� � 26�� �3�A6��� d&�3 ��$-��� ���	��03� =���� �& 

J� S�/-��� ������-� S27-��� �P�QR	�  
(Email: n-najafi@tabrizu.ac.ir *)-`�fY
 S2AY	�� :                     

                  h	�+i� �O�� � .�Y+�� .2+& .�b0Q�+3 �� '��+6 �+& S��+X [	R�A

    �+& R+�� �	��b�6��07%� � ���R�%����  ���� S2+UX)1�  42 .(  �+*� ��)+% �

'(��                �� [	2+3 � [	R+�A
 �[�Y+�� �[�+3�0: ��DY+" �� �J+3�A
 ��,
 �� .�,���    .� ���C
 26� ���& �UA�         ���+& �	�)+� S�+�$�� �� �7�& �,

     ���� '�b,� O�� � .�Y�� �0
�3 .'(��       .�+,��� �� �+?�AX #	� ��,
                j	��+6 �[�+��� �P�+Q k�� �S��� 26� ��\�
 �S��� [�� � ���� �& �0Y&

  � P�Q �0&�<�          >��D0
 �	��b�6 � �%� ��,��� ��&��� O2X �	 ��&��� 
 '3�)1�  28 .(  

       	 [U
 �A��� S��� ��Ul �� �7	 .���/&�0"� �%�+3     �+� '+3� ��
        �
 '-� O�� � .�Y�� �	)^� � �����Q #��� ��U� ���&��6 .  �+m�� ��

           ���� ��+*� ���8+0�� >��? �& .���/&�0"� 2�%�� .�7
� .��	� d<�A
 .
  � k��R
 P�Q         '+&�<� ��	� n2A6�& �06�� �&�Q �-7,� 2	�& .���/&�0"

�������	 
 �� )  
 �������
��� ����(  
���26� �����3 � ����!– ����"� 1391�#.636-619 

Journal of Water and Soil 
Vol. 26, No. 3, Jul-Aug 2012, p. 619-636 



620      ����� ��� ���	 
 ��26����� � 3  ����! � - ����"� 1391  

                � '+3� �o+
 2+6� �� ��\�
 �, �� .���/&�0"� ���& P�Q �� �"�!�
            ���� �/0Y+& P�Q .26 ����� S��� `�< �& 9�b�Z0Y
 >��YQ .�R�


)2 �  6 .(   P�Q �`�\ #	� �&            �+�� �+& ��-+� �� .���/&�+0"� k��R+
 ��,
      ���+	� ��2���& �'3���� ����&�      �+��Q��� .�+�^< � 5�+3 k�+��  �� �+,

   �
 ���� ����� q�T
2���� .        �P�+Q �0&�+<� j	��6 �� >����^� #	�
�
              .� '+(�� �+$�0� �� � �	�)+� �+?�AX �)+* '��&�� 2����   �� �+,

     2,� ���� ����� 'r� �� .�,��� .�3��&   �+
 .�-� �,       �� W+: �+� 2+,�
  ������pH  �EC  �Eh             P�+Q `�+�r
 �� h+�0�
 �+?�AX '+(�� � �

.� �)* '��&���& �,�AT
 ��<�
 ���^� ���� 2A�)5 �7 �32� 41.(  
t��R�             �+?�AX '+(�� �& P�Q .26 ����� >2
 ��� ���
 �� �,

     �-	� � �	��, ��& �� h�0�
       �� �6�� �� '3� >��D0
 .�,��� ��,
           ��u	� ������ >2
 �S��� 26� ��\�
 ��T%�C
 ���
 S��� [�� � ����-

    �� .�
� � P�Q ��,S��2         �+
 S�+�� �� �+?�AX '+(�� ���� 2+6�& . ��
 �3��& �Q�& '(�� �,          `�+bX� �� W+: ��+?�"�& S�+�� �� �?�AX ��,

       '+3� S26 #��T� ����� S���)17 �  50 (         �� W+: ��+/	� �+Q�& �� �
      S��� '?�" S��� �& ������ S��� `�bX�        �-+7,� �� W: �� '3� S26 

           �� 2,� �
��� ��Q 26� �& ���X j	��6 �� �       S�+�� �+� ��+6 v�-

�
   �3��& #	� �� w�� �	 2A� �&�	��& �� ��Q 9��2$
 2����'(�� �,  ��+,

            '3� S26 #��T� S�
 	 9�m
 ��2
 '6)� �� W: �?�AX)27 .( �	��
   ���Y�3 �)17 (     .�
� q�T
 �� �� �* S���     .2+6 ����� h�0�
 ��,

           : � �DY" �.x��0�� �)* � '(�� ��?�"�& � 2���� ���� P�Q  �� [�3�0
    2���� #��T� �	��, ��& �� .        �+?�AX #	� �)* � '(�� �,�� .���

     2���� S2,�-
 �� ����� �� W: .    �	�� � >���)50 (    �+� 2���� t��R�
           O2A� �	��, ��& �� [	R�A
 � [�Y�� �[�3�0: ��DY" �.x��0�� '(��

      '"�	 �,�� P�Q .26 ����� �� W: .  '+(�� .���     �� �+?�AX ��+,
  �� W: ��?�"�&              �+& �� �,�+� #+	� � 2���� #��T� ����� S��� .�	�: 

 �& �?�AX #	� `�Z0�� � �)* �,��  .u�Y+�� ��Jb� ��� �& �-	� ���3�
2���� 'JY� P�Q ��  .  

             �	�R+"� ���& �P�Q �� �%� ���
 �"�� ��2Z
 ��*� ��/	� V�< ��
               �+& �&��0+3� � .���/&�+0"� S�+�� ��+�C
 26� ��	�)� �?�AX '(��

 A�U& ��7�bX   '3� O�] .� � .            =+��� �� �+%� ���+
 .�R+�
 �`�\ #	� �&
P�Q       �
 2?�� 	 �� �0b� .��	� '-��	� ��,      #�
�+� I&�+A
 � 26�&

             ��+	�Z& ��
�� ��,��� 5
�6 9��2bX � '3� ��2r
 ���Y& R�� �%� ���

    �
 '3�yb� k���� � �,���         �+�& .�R+"���� ��+�� ��/&��* �� 26�&

    'Y�� �%� ��,��� �& �����-�) 4 .( ̀ �3 ��      #+$% ��&��+� ��Q� ��,
  P�Q �� ��!�"     �& V�< 	 �� ������-� ��,     �+%� ��� 	 .��AX

.����  � .x��+0�� 5+m
 h�0�
 �	�)� �?�AX �� ��6�3 � 'b��  �DY+"
)18 �  21 (      �+& �+/	� V�< �� �       #+"� ���+& #+b	� t�� +	 .��+AX

    ��!�" ��D8� �� 5?�\ 2��bY:      � ���+� �*�� ���
 ��U6 ��,  �+0"�
  '3�)10 .(   �& ��!�" #$% t���        �	�)+� �+?�AX #�
�+� IJA
 .��AX

   �,�u: �� .�,��� ���&             '+3� S2+6 S��� .�-+� ��2+T0
 ��,)46 .(

            �+?�AX �	�R+"� �����-+� �� ��!�" #$% ��&��� '	R
 #	�0bU

 5&�� �	�)�    �
 P�Q �� S��� �)*  26�& .     �	�R+"� zX�& ��!�" #$%

    DY" � .x��0�� ��%� #&�� 5&�� �       �	�R+"� �P�Q �� S��� �)*CEC  � 
 �,��pH�
 P�Q   ��6)13 � 45.(  

        �& �S26 �0D� ��: �� =%�C
 �& �*�� �&  �
 �(�     ���+
 .�+�
 23�
            '+(�� � �)* �& ����� �(� �� P�Q .26 ����� � �%�    �+?�AX ��+,

        �AT
 5&�Z0
 ��� .���/&�0"� S��� �� [	23 � V�8
�:    �0+6�� ��*� ���
26�& .�)%                � �+
�� ��+� �P�+Q .2+6 ����� >2
 ��� d�Zr� #	� �� �

        �[�+3�0: ��DY+" '+(�� � �)+* �+& �+U�� 5&�Z0
 ��� � ��!�" #$%
      �-+	� �� [	23 � [	R�A
 �[�Y��          ���+
 .���/&�+0"� �	��+, �+�& � 

  '"�� ���� �3��& .     >�+T%�C
 �+A�
� #	� �� �� ��� .�-� I&�A
 �3��&
     �� � '3� S26 O�$�� ���� �� �b� S2+6 �-0A
 ��� [, ��-� 5Q��  ��

2	��/� S2,�-
 .  
  

�	� 	 �����  
           R+��
 ������ � R	�J� S�/-��� �����-� S27-��� �� �,�u: #	�
          .�0Y&�� �� ���6 .�$	�&�_� .�03� �T�J< I&�A
 � �����-� >�Z�Zr�

   R�	�: �1387  2	��� O�$��  .  �+& �	�
��        =+%�� �� � 5+	��0��" >��+?
  9�
�� �	�: ;�<               @A+: �� ��+��� >2+
 5
�+6 ����+7� �3 �& �"��8� 

  BC3)�D?  �2  �4  �8  �22 ���  (           BC+3 @A+: �� �%� ��� ��2Z
 � IJA
 �
)  �2,�615     ��
�� ��� O�� 30     ��
�� ��� O�� 15    ��!�" #$% O�� 

  �30       P�Q O������ �, �& ��!�" #$% O�� (  26 O�$��  .   ���+
 P�Q
    'T�Q >�Z�Zr� S�/0Y	� �� �(�  � .�+6�:      S�/-+��� �����-+� S27-+��
       dbX �� � 2	��� ���0�� R	�J�20-0 �0��3   �+��b� ��0
   2+6 �����+&. 

     ��D8� �� ��!�" #$% 5
�6 S��D03� ���
 �%� ��,��� ��!�" ���Q
           '+T�Q �����-+� >�Z�Zr� S�/0Y	� �� �
�� ��� � ����
 �U6  .�+6�:

      ��U� R	�J� S�/-��� �����-� S27-���2	��� .   ��� � P�+Q    �+%� ��+,
            �+��
 �� +%� �� � S2+�&�� .26 -Q��, �� W:     S��� ��+JX ��+0


2�26 .        5&�� �DY" �P�Q �� [, � �%� ��,��� �� [, �Wy3   �+& �)+*
S��8X   #Y%�� ���)36(    5&�� [	23 � [�3�0: �  S��8X �& �)*  >�03� ���

  O����
�)25(        5&�� ��3 � [�
��� �W
 �RA/A
 �#,� ���� �    �+& �)+*
S��8X ���DTPA) 26 (2�26 {���03� . pH   .��Y+��y3�3 �� P�+Q

1:1     P�Q �& �� )29 (  �EC      `�+�r
 �� .� 1:1       P�+Q �+& �� )20( �
  �& P�Q '"�&   �0
��2�, t��)11(    �& P�Q �%� #&�� �   �	�Y+�� t��

  ��)34(     �& P�Q `��T
 [�Y�� >�A&�� � �mAQ t��       � 2�+3� �+& ���+3
     ��3 �& .��� �0��)43(  �pH   � EC   ��,���     'JY� �� �%�1:2   �& �� 

  S��2�� �%� ���   26 ����)40 .( ��u	� �Q�&      �	��b�+6 � �+7	R�" ��,
     ������ �	�
�� �� S��D03� ���
 P�Q    `�2* �� ��1   ��u	� �Q�& � -

               `�2+* �� S��D0+3� ���+
 ��!�" #$% � �
�� ��� �	��b�6 ��,2 
'3� S26 �}��� .  



$�%!�& ���� '	�* �+� �* '!�� ��� 
 �,/�0 457 ���8�: �;�...     621  

  
�	��1-����	 ���� �����! 	 ���"�# 
���$%&� ���� '� 

(�)  N�*) ���  Na  K  CaMgPFeMnCu  Zn  CdPb   �	��
+#�  (%)  

pH
)1:1(

EC  
(dS/m)  (mg/kg)

#6�
�%  R�l��  08/0  1/0  6/7  1/0  82  250  1149  1/99  1/17  8/1  1/1  3/1  3/0  4/0  4/3  
  

 �	��2-����	 ���� ��$%&� ���� ,./# 03* 	 ���� ��� �����! 
�
OCNCaNa  K  PFeMnCu  Zn  Cd  Pb    pH

(1:2)  
EC(1:2)
(dS/m)  (%)(mg/kg)

�
�� ���7/8  2/21  15  9/0  3/1  5812  3812  188  64  2  10  4/03  
#$%��!�"  2/6  1/4  30  2  8/0  6761612  475  322745  28  9/014  
  

    .�2�� �� .�,��� '-� ���&    ���+\ ��,5/2       �+& P�+Q O���+��� 
  '"�&   26 S��D03� �
�% #6 .        ��& #	� J3 '"�& �& P�Q ���0�� '�X

     Ib* �26� S��� .�	�: �� ��   �-+	� [0Y�3 ����      ���+3�2* � S�+�� ��
.�   I	�3 �"�!� �� �-7,� �� W: � ���� 5�UY� P�Q �� �, {��Q ��

���� .     .�R�
 �& �%� ��,���15   � 30           P�+Q O���+��� �+, �+& O�+� 
)  `��T
30   � 60   �07, �& #� � (            P�+Q �+& � 2+6 S��R+"� '-� �� 5J�

2++	��� ��++��
 ��++Q .�++���* �)++& �2++X �++6 .���/&�++0"� S2++6 ���
)(Helianthus annuus L.  26 '-� .�2�� �, �� �b�� ��r
 [��

              2	��� A� .�2�� �, �� S��� �� �& ���& �� ��\�
 �� �)19 .(  >2+

  ������D?  �2  �4  �8 � 22   �+��& �+6 ��\�
 �� �� ��& ���   `�+bX�

  26)37 .(       �0��3 �3 P�Q BC3 �� ����� �� k�D���   ��& �0
)19 .( ��
    S��� �� 	 �, .�	�:  .�2�� ������ ��,����3 ��$	� �& �,  �+� �� �	�,

    S� � 2�26 �-7,� �U�� .� ��  I+b* �,         �2+T& 5+\��
 �� � 2+6 ����
   S� �� �& 26�       '(�� � ���6 �& �� 26 ����&� ��     �	�)+� �+?�AX ��,

���� 5&�� ��(\�
  2A6�& �06�2� �� .         �+� 2+6 S��� S��*� �-7,� �� W:
       2A,� �
��� ��Q 26� �& .�,���)   ��2+\35 ���  (        �+�� ���+6 O�+�T
 �+�

     �
 V�<�& .�
� '6)� �& �����           ��]�+< >2+
 �+� �+� #	� �	 ��6
 �
 ���&2��
 .   �� W:85         ���< 5r
 �� .�,��� �	��, ��& �26� ��� 

     R�� �-	� � '6���&   26 �2* P�Q �� .        .�+,��� �	��+, �+�& � �-	�
         -Q S�/03� 5Q�� �� ��CZ
 �� �& �-0Y6 �� W:   �+��b� #+�  ��+,

     ��+
� �& �,���70            � 2�2+6 S��� ���+� ���Y+�3 �+*�� 72   'X�+3 
    2�26 -Q �� 2�26 ���2U/� .        � S26 ���: ���3� �� S��D03� �& Wy3

    	 %� �����
��0
   2�26 S��� ��JX  . '(�� S�/��   ��+,P  �K  �Ca �
Mg   � Na     -+Q t�� �+& .�,��� �	��, ��& � �-	� ��   �����+3

)52 ( 2+++	��� #�+++�T� .  S��8+++X �DY+++" '+++(��  t�� �+++& �+++,
          {�+
 `�< �� �0
���"��07y3� S�/03� �& � 2�3� 	�DY"�2J�%�
������

430      S��8X [	R�A
 � [�Y�� '(�� ��0
����         S�/0+3� �� S��D0+3� �+& �,
    '��+6 'Q�3 �b�� �)*        `2+
 #+:�x ����b�+6 AA-6200) 51 ( �

   S��8X [	23 � [�3�0:       [�+�" S�/0+3� �+& �+,      '��+6 'Q�+3 �0
�+��"
    `2
 .�0Y�/�� �A�����410 S��2��  26 ���� .     �8+AX �, �)* .�R�


 5?�\ ��                �-+	� � �	��+, �+�& -+Q S��+
 �� .� '+(�� ��+! 
 2	��� �J3�r
 .         	��+, ��& �� �8AX '(�� [�YZ� �� `�Z0�� ��0��" �

    �-	� �� .� '(�� �&   �J3�r
 26 .       #�+�T� ���+& �8Q�6 ��0��" #	�
      �-	� �� �8AX `�Z0�� �� S��� �	�����    �
 �	��, ��& �& 26�& .  #	� ���

             �+
 �06�J�� �	��, ��& �� �� �8AX S��� �26�& 	 �� ��& ��0��"-
             �
 �06�J�� �-	� �� �� �8AX S��� �26�& 	 �� �07l�� ��� �%� 2A�-

  2A�)16 .(  S��� ���
� �	R$�       S��� I	��� .��& `�
�� .�
�� 5�J� �� �,-
     #�/���
 �Y	�Z
 � W��	��� �	R$� ��,  �,)   �A
�� 2Al .�
�� �&  #7��� ��

2?�� @A: `�b0\� BC3 �� �� .�
�� � (  O�+� �� S��D0+3� �& ��+,��R"�
MSTATC �SPSS26 O�$��  .  

  
45� 	 6�%7  

 � ���� �� �	
� �� � ��������� ���  
              � �+%� ��+,��� � ����� ��?� ��� �� ��� .�-� W��	��� �	R$�

   .� 5&�Z0
 ��� R��         `�+b0\� BC+3 �� �	��+, �+�& �DY" '(�� �& �,
  �AT
 2?�� 	   2���& ���)  `�2*3 .(   #�/��+�
 �Y+	�Z
 ��+,   '+(�� 

   'r� �	��, ��& �DY"        �%� ��,��� � ����� ��?� ��� )   `�2+*7 (
    Y" '(�� �� ��� .�-�         .2+6 ����� >2
 �	�R"� �& �	��, ��& �D
     2,�6 �& 'JY� P�Q) ����� .�2& (        �� .� #	�0-+�& � '+"�	 �	�R"�

22   ��& ����� ���  .       �
 �� �	��, ��& �DY" '(�� �	�R"� #	� .���
    5&�� �DY" '(�� �	�R"� �&        S��
 �,�� � ����� �� W: P�Q �)*

        a��^� ��� k��� � �	��, ��& -Q)28 (  � >2
 ��    �� �0-+�& ����
2   ��� 'JY� ���  .    �Z�"�� � �D$�)7 (  ��+��� �� W: �� 2���� t��R�

 P�Q .26        5&�� �DY" '(�� ��T%�C
 ���
 �	���� � �2�3� ��, �)*
.� �& �,   �� ��& #�/���
 ��<3/2 '+"�	 �	�R"� �&��&  .   �DY+" �	�R+"�

5&��              �+& +	�" >�DY+" �,�� �& 9]�bT
 ����� �� W: P�Q �)*
  576  ̀ ��r
 ��" >�DY"         S��� 'JY+� >�DY+" >�J���� R�%��2�, � ��

   '3� S26)33 .(           �+�� �+& #+,� 2�Y+���2�, �6�: `�r�� �#�A�b,
   �+	� �� S26 ��Jr
 �DY" .26 ���� � P�Q �� �-,�� j	��6 ��$	�



622      ����� ��� ���	 
 ��26����� � 3  ����! � - ����"� 1391  

 �6�: #	�    5&�� �DY" �	�R"� zX�& �,  �
 P�Q �)*  ����)39 .( #l
   .���7b, �)14 (    �� 2���� t��R�   ��+& �DY" '(��      �+� �+l�
 ��+,

15               '+"�	 �,�+� .� �� W+: � �	�R+"� ��+��� �� W: ��� .  �,�+�
              .2+6 ��+��� �� W: ���C�3 [�� ��/�� S��� ��& AU: �DY" '(��

 �& P�Q        ��+	�: � W��0+3� ���+3�)49 (      �+����� �	�+
�� +	 �� ��
 2	��� S2,�-
 .        ��& �DY" '(�� �,�� �P�Q .26 ����� �� W:-

 �& �JA: ��, .���7b, � �A���, ���3�)22 (    �DY+" '+(�� �,�+� �
    �& �$��	 S��� �	��, ��&     .���7b, � '3��0b3� ���3�)47 ( t��R�

 '3� S26 .�& �
 �(�         �+3��& @	�+0� .��& >��D0
 5	]� �� �7	 23-
          �� ��+��� �A+� ��+
 �+3��& �� �� '3� #	� �
 @	�0� �& ���)
 ��,

  ��\�
6    bX� .���/&�0"� S��� ���&        .��b� �-7,� �� W: � 2	��� `�
.�2��              v�-+
 �� 2A,� �
��� ��Q 26� �& .�,��� �� 26 S��� S��*� �,

   .�
� ��� �	� ��6           V�+<�& 2+6� �2+T& 5\��
 �� ����� h�0�
 ��,
�
           �+
 ���+& 2+6� S��� .�	�: �� �7A	� �	 ��6 2+��
n       �� �+� �%�+\ �� 

       '(�� ����� `�bX� �� W: ��?�"�& ���)
 >�T%�C
    ��& �� �DY" 
    '3� S2	��� #��T� .�,��� �	��, .      [�� � ���� .��& >��D0
 #�A�b,

   ��u	� ������ >2
 �S���            �� R+�� S�+�� 2+6� ��\�
 � �
� �P�Q ��,
   �
 @	�0� V�0Q� #	�  26�& ���
 2���� .       >2
 ��� �� ��� .�-� �
 �3��&

      ��\�
 �� P�Q .26 �����6       Y+" '(�� �& .���/&�0"� S��� ���&  �D
 2��
 ���& .� 26� S��� .�	�: �� .� �	��, ��&) �0\2����� ���   .(  

              �	�R+"� �	��+, ��& �DY" '(�� �%� ��� k�� �� �, ��&��� �&
              ��+!�" #$% �� �0-�& �
�� ��� ��&��� �& �	�R"� #	� .�R�
 � '"�	

  ��&)  `�2*7 .(       �
 �� �	��, ��& �DY" '(�� �	�R"� #	�    �+& .��+�
 '(�� �	�R"�  5&�� �DY"            � �+%� ��+,��� ��&��+� �� W: P�Q �)*

          a��^� ��� k��� � �	��, ��& -Q S��
 �,��)    ��+��� ;�C3 ��
   �� �0-�&2 ���  ( ��� 'JY� .    5	� � ���&)12 (     P�+Q �+� 2A06�� .��&-

       576 �& 9�?�8�
 ���	� �%� S��
 �& ��,        9�+
�bX ��+%� S��+
 `�T" ��,
      Jm� �� �DY" �� �b� 9�0JY� ��2Z
 �
 '�2AA� .    �,�� ���& ������3 2Al

   P�Q �� �DY" '�Jm�            '+3� S2+6 �+}��� ��	� �%� S��
 �& ��,)12  �15 �
21 �  44 :( ̀ �7%�
 �`���      �� BC+3 �& �
�, ��R& ��,    >��_ � �+,

       .�+7
 ��� � S2�JYl >�R�" ����2�, ��,2�Y��      S2+AA� '+�Jm� ��+,
  �
 �� �DY"        .�+7
 #+	� �A��� �� I��
 � 2A��6�: +,    >�DY+" �+& �  ��+,

    �
 P�Q `��r
 �� ��*�
2��6 .       �+& S2+6 2+�%�� �%� ��,2�3� �O���-
               ;�C+3 ��� .2+6 �)+* ���+& �&��7�
 �	R$� � S��� �-	� ���3�

��    >�DY" �& �,2�Y���2�, � �,  �
 '&��� �, 2+AA� .    ��,2�+3� �O��+3
          W7�yb� O��A�
�%� � #,� �[�Y�� �& ��&�-
 >�J���� � ��Q �%� ��,

�2	�: �& � �� O��  �
 5�7-� '�%           �+& >�R+�" #+	� �A��� �� I��
 � 2A,�
.�	    �
 P�Q `��r
 �DY" ��,     �+& �� `�+�r
 �DY+" '(�� � 2��6-

   >�DY" '�%�\ �	�R"� 5�%�         �	�R+"� O�+�A�
�%� � #+,� �[�Y�� ��,
�
2A,� .           �� �-+�& '+3� #+7b
 P�Q �& �%� S��
 .��R"� �& �O��Ul

       �DY+" '+(�� � S26 ��2T
 .�  5+&��         2+,� �	�R+"� �� P�+Q �)+* .

 #�/���
 �Y	�Z
          �DY" '(�� �& �%� ��,��� � ����� 5&�Z0
 ��� ��,
   �	��, ��&)  `�2*11 (         �& P�Q .26 ����� >2
 ��� �� ��� .�-�

          �AT
 �"�8
 �%� ��� ;�C3 �
�b� �� �	��, ��& �DY" '(�� ���
��& .        ��b�� �� �	��, ��& �DY" '(�� #	�0-�&30  �� O��  �& �
�� �

    � P�Q O������2            � �%� ��� .�2& ��b�� �� .� #	�0b� � ����� ��� 
2	��� S2,�-
 ����� .�2&.  

          �+�� R+�� � �%� ��,��� � ����� ��� �� ��� .�-� W��	��� �	R$�
 �� 5&�Z0
U                +	 `�+b0\� BC+3 �� �	��+, �+�& �� �DY" �)* �& �

 �AT
 2?��   ��& ���)  `�2*4 .( #�/���
 �Y	�Z
 ��+,      �� �DY+" �)+* 
  'r� �	��, ��&        �%� ��� � ����� ��?� ��� )   `�2+*8 (   ��� .�-+�

              �	��+, �+�& �� �DY" �)* �P�Q .26 ����� >2
 �	�R"� �& ��
    2,�6 �& 'JY�) ����� .�2& (       9�J	�Z� .� >����^� 2��� � '"�	 �	�R"�

              �+� >��+D� #	� �& n��& �	��, ��& �DY" '(�� >����^� 2��� �&�-

  #	�0-�&        �� �	��+, ��& �� �DY" �)*22     ��+J� ��+��� ���  .  #+	�

      ��X �	��, ��& �� �DY" �)* �,��      �� �DY+" '(�� �	�R"� [��
�
       ��� 'JY� S��� -Q S��
 �,�� �& .��� .      .2+6 ��+��� �� W:

           �+& O����3 � .���/&�0"� �	��, ��& �� �DY" �)* �,�� �P�Q-
     ��Y* � ���l��� ���3�)37 (     �DY" �)* �,�� � ��& ��   +	 ��,

�& �	���� S��� k�� .��l � O�7�� ���3�)35 ('3� S26 t��R� .  
  �& �	��, ��& �� �DY" �)* �%� ��� k�� �� �, V�8
 �&  ��+<

�AT
                S��+
 � �DY+" '+(�� �	�R+"� �� �+6�� �� '"�	 �	�R"� ����
   ��& �	��, ��& -Q .    .���7b, � �A�
)30 (    �DY" �)* �	�R"� R��

  �	��, ��& ��            2+���b� t��R+� �+
�� ��+� ��&��� �& �� .���/&�0"�  .
 #�/���
 �Y	�Z
  �,)  `�2*12 (     �� �DY+" �)+* #	�0-�& �� ��� .�-�

     ��b�� �� �	��, ��&30            � P�+Q O���+��� �+& �
�� ��� O�� 2  ��� 
��& ����� .�2& � �%� ��� .�2& ��b�� �� .� #	�0b� � �����.  

      ?� ��� �� ��� .�-� W��	��� �	R$�        ��� R�� � �%� ��� � ����� ��
           �AT
 2?�� 	 `�b0\� BC3 �� �-	� �DY" '(�� �& �U�� 5&�Z0
 ���

  ��&)  `�2*5 .( #�/���
 �Y	�Z
           �+%� ��+� � ��+��� ��+?� �+�� ��+,
)  `�2*9 (            �2+0&� �-	� �DY" '(�� P�Q .26 ����� �& �� ��� .�-�

          �& .� �� W: �%� '"�	 �	�R"� ����� O�� ��� ��	�2�   '"�	 �,�� @
   �� �22  2�3� ��2Z
 #	�0b� �& ����� ���  .�
 �� �,�� #	�  �+& .���

               �-+	� �� .u�Y+�� ��+Jb� �A� k��� ��� �& �DY" `�T" �)* �,��
 ��� 'JY� .         .���+7b, � '3��0b3� t��R� �& @	�0� #	�)47 (   S�+�� ��

  '6�� 'Z&�C
 �$��	 .           BC+3 �	�R"� � �%� ��� k�� �� �, .��R"� �&
"�8
 .� �     '"�	 �	�R"� �-	� �DY" '(�� �, . #�/���
 �Y	�Z
  ��+,

       �%� ��,��� � ����� 5&�Z0
 ���)  `�2*13 (      #	�0-+�& �+� ��� .�-�
      ��b�� �� �-	� �DY" '(��30        � P�Q O������ �& ��!�" #$% O�� 

2                 ��+��� .�2+& � �+%� ��� .�2& ��b�� �� .� #	�0b� � ����� ��� 
 �, n��&       �+Q�& �& �� 2Al          �+AT
 >��+D� ���+
� ��+r% �� �+,��b�� ���
'6�2� .              #+$% ����� ��+,��b�� �� �-+	� �DY+" '+(�� .��& �0-�&



$�%!�& ���� '	�* �+� �* '!�� ��� 
 �,/�0 457 ���8�: �;�...     623  

       �
 �
�� ��� ����� ��,��b�� �& 'JY� ��!�"     .��+& �0-�& �& 2����
  5&�� �DY" '(��          ��� �& 'JY� ��!�" #$% �%� ���
 2?�� � �)*
 26�& ��&�
 �
��) `�2*2.(  

  .�-� W��	��� �	R$�            ��� R�� � �%� ��� � ����� ��?� ��� �� ��� 
 .� 5&�Z0
                2+?�� +	 `�+b0\� BC+3 �� �-+	� �� �DY" �)* �& �,

�AT
   2���& ���)  `�2*6 .( #�/���
 �Y	�Z
��,       �-+	� �� �DY+" �)* 
'r�        �%� ��� � ����� ��?� ��� )   `�2+*10 (       �)+* �+� ��� .�-+�

              �P�+Q .2+6 ��+��� >2+
 �	�R"� �& �-	� �� �DY"    �� �2+0&�2  ��� 
       �& .� �� W: �%� '"�	 �	�R"� �����         2+��� � '+"�	 �,�+� @	�2+�

          ��& �-	� �� �DY" '(�� >����^� 2��� �& �&�-
 .� >����^� .   2+�	�� ��
  �DY+" '(�� .��
 =�C
 #	�)mg/g dw (    �DY+" �)+* � �-+	� ��

)mg/pot ( �++CQ �++C&��Pup=10.40(Pcon)-1.183 �++& r2=0.917** 
 	��� S2,�-
   �
 .�-� �� 2        �� �DY+" �)* >����^� S2bX ��& 2,�

 �& �-	�       �
 S��� B�!�� �-	� �� �DY" '(�� ���3���6 .    V�8+
 �+&

           .� �"�8+
 BC+3 �	�R"� � �%� ��� k�� �� �,    �� �DY+" �)+* �+,
  '"�	 �	�R"� �-	� . #�/���
 �Y	�Z
  ��,      '+r� �-	� �� �DY" �)*

       ��� .�-� �%� ��,��� � ����� 5&�Z0
 ���       �DY+" �)+* #	�0-�& �� 
     ��b�� �� �-	� ��30            � P�+Q O���+��� �+& ��!�" #$% O�� 2  ��� 

   ��& �����)  `�2*14 .(       �DY+" `�+Z0�� ��0��" #�/���
75/0     �+� ��+& 
 �
 �-	� �� �DY" Ib$� �/��-�26�& .#�/���
 �Y	�Z
  �+� .�
�� �& �,

���b�              �+& �	��+, �+�& �DY+" '+(�� �� ��� .�-� �0D* ��, ��+< 
�AT
��& �0b� �-	� �DY" '(�� �� ���� .  

  
����� ��� � ���� �� ������ �� � ����  

              ��� R�� � �%� ��� � ����� ��?� ��� �� ��� .�-� W��	��� �	R$�
 .� 5&�Z0
         BC+3 �� .���/&�+0"� �	��+, �+�& [�+3�0: '+(�� �& �,

�AT
 2?�� 	 `�b0\� ��& ���) `�2*3.(  

  
�	�� 3-7���	 ��"39  ����� ;<� �� =��& 	 >�?��@ �ABC +D�E �� �*) ��� 	 ,F�E G�� ��HI9 J

GK��� 0�L7��  ���M9 NOB�  
��P) ����  =��&  =�&%@  �$Q#  =�Q��  =�"�B�
�����4  **069/0  **08/33  **044/0  **368/13  **573/0  

�%� ���  4  **072/0  **66/141  **103/0  **461/50  *414/0  
����� ×%� ����  16  **016/0  **30/11  **020/0  **824/7  **460/0  

�-	�
�� ��CQ  50  001/0  303/1  001/0  195/3  152/0  
>����^� =	�!(%)    5/8  58/10  73/8  81/13  06/28  

      ns � * � **�&�AT
��� =�����AT
 � ��� `�b0\� BC3 �� ���5 � 1�
 .�-� �� 2?�� 2,�.  
  

�	�� 4-��HI9 J7���	 ��"39  ����� ;<� �� =��& 	 >�?��@ �ABC ,S� �� �*) ��� 	 ,F�E G�� 
GK��� 0�L7��  ���M9 NOB�  
��P) ����  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

�����4  **81/2  **24/1232  **977/7  **040/28790  n.s 838/236  
�%� ���  4  **85/6  **51/8187  **440/2  **404/99997  **266/1702  
�����×�%� ���   16  **23/1  **48/808  **341/1  n.s 259/8098  *97/341  

�-	�
�� ��CQ  50  21/0  216/155  132/0  417/4684  626/164  
>����^� =	�!(%)    38/17  23/15  32/15  02/18  24/31  

      ns � * � **�&�AT
��� =�����AT
 � ��� `�b0\� BC3 �� ���5 � 1�
 .�-� �� 2?�� 2,�.  
  

�	�� 5- �U�� �� =��& 	 >�?��@ �ABC +D�E �� �*) ��� 	 ,F�E G�� ��HI9 J7���	 ��"39 
GK��� 0�L7��  ���M9 NOB�  
��P) ����  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

�����4  **32/10  **088/6  **076/0  **724/21  **329/1  
�%� ���  4  **59/30  **785/661  **256/0  **691/13  **428/3  

����� ×�%� ���  16  **38/5  **967/6  **027/0  **546/6  n.s 248/0  
�-	�
�� ��CQ  50  44/0  925/0  002/0  659/1  196/0  
>����^� =	�!(%)    99/8  52/8  89/9  12/15  62/23  

     ns � * � **�&�AT
��� =�����AT
 � ��� `�b0\� BC3 �� ���5 � 1�
 .�-� �� 2?�� 2,�.  
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�	�� 6-���	 ��"39  �U�� �� =��& 	 >�?��@ �ABC ,S� �� �*) ��� 	 ,F�E G�� ��HI9 J7
GK��� 0�L7��  ���M9 NOB�  
��P) ����  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

�����4  **1/1093  **7/2145  **823/10  **993/841  *874/27  
�%� ���  4  **3/2895  **9/84304  **203/26  **472/2272  **111/235  
����� ×�%� ���  16  **0/437  **3/1757  **729/3  **6/420  n.s 192/10  

�-	�
�� ��CQ  50  3/68  181/542  519/0  239/160  952/9  
>����^� =	�!(%)    9/14  84/17  93/20  00/20  86/22  

     ns � * � **�&�AT
��� =�����AT
 � ��� `�b0\� BC3 �� ���5 � 1�
 .�-� �� 2?�� 2,�.  
  

 �	��7-�� 0�L7�� �Q� 
� +D�E)mg/g dw ( +59 ����� ;<� �� =��& 	 >�?��@ �ABC�*) ��� 	 ,F�E ��A� �H�  
��A� �H�  Z�[&  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  d 25/0  d 4/9  d 23/0  a 62/13  ab 37/1  
2  c32/0  b 5/11  b 34/0  a83/13  ab49/1  
4  b3/0  bc9/10  c 30/0  b 83/11  b 22/1  
8  b36/0  c4/10  bc32/0  b02/12  b19/1  

����� >2
  
)���(

22  a 44/0  a 4/13  a 37/0  a 41/13  a 66/1  
2,�6  d21/0  c5/10  d18/0  b 04/12  ab 47/1  

 �
�� ���)g/kg 15(  b37/0  b1/12  a38/0  b 68/12  b 20/1  
 �
�� ���)g/kg 30(  a 44/0  a 9/15  a 37/0  a 30/15  b 30/1  

#$% ��!�")g/kg 15(  c31/0  d7/8  c29/0  a12/14  a63/1  
�%� ��� ��2Z
 � IJA
  

#$% ��!�")g/kg 30(  b38/0d4/8b32/0c57/10b33/1
     #�/���
 �.�03 �, ���AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.  
  

 �	��8-0�L7�� �Q���  
� ,S�)mg/pot ( =��& 	 >�?��@ �ABC +59 ����� ;<� �� �*) ��� 	 ,F�E ��A� �H�  
��A� �H�  Z�[&  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  b 8/1  c 6/68  d 72/1  a 8/446  a 58/45  
2  a6/2  a6/91  a75/2  ab9/400  a01/44  
4  a6/2  b2/80  c28/2  bc 8/354  a 67/38  
8  a9/2  b6/79  ab61/2  bc1/357  a74/35  

����� >2
  
)���(

22  a 9/2  ab 9/88  bc 47/2  c 7/339  a 34/41  
2,�6  d7/1  c 1/66  c11/1  d 5/261  b 56/31  

 �
�� ���)g/kg 15(  c4/2  b2/84  a68/2  c2/342  b83/32  
 �
�� ���)g/kg 30(  a 5/3  a 6/121  a 93/2  ab 5/428  b 24/36  

#$% ��!�")g/kg 15(  c3/2  c5/68  b35/2  a0/473  a32/55  
�%� ��� ��2Z
 � IJA
  

#$% ��!�")g/kg 30(  b9/2c7/68a74/2b0/394a38/49
     #�/���
 �.�03 �, ���AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.  

  
 #�/���
 �Y	�Z
          >��+��^� 2��� �� ��� .�-� ����� ��?� ��� ��,

             +6 ��+��� >2+
 �	�R+"� �+& �	��, ��& [�3�0: '(��   P�+Q .2
                 `�+\ �+, �� �+%� ��+& �-+	�R"� 9��2+$
 � �-,�� ��-	�R"� >��8&
            j	��+6 �� �0+3��: ��+��� j	��+6 �� �	��+, �+�& [�+3�0: '(��

    ��& �0-�& ��������)  `�2*7 .(        �+�& [�+3�0: '+(�� ��%�� �	�R"�
  �
 �� �	��,            �	�R+"� � P�+Q `�+�r
 [�3�0: '(�� �	�R"� �& .���

    3 �& [�3�0: ��2�-�: 'X�3         ��+��� �� W+: �-+	� BC)21   � 23 (
 ��� 'JY� .            �� .u�Y�� .�R�
 �,�� ��� �& .�
� '6)� �& �`�\ #	� �&

                 � S2+6 5+0�
 `�+T" �)+* �+$�0� �� � �-	� WDA� ��-	� .�
���:
     '"�	 �,�� �	��, ��& [�3�0: '(�� .    .���7b, � �"��)3 (  .�+�&

          �	�R"� [�3�0: '�%�\ �	��\� j	��6 �� �l�� �� 2�����
  �%� 2&�	
�&   �
 �-	� �& �� ���
2? 5�%�       57-+
 �+& �8+AX #+	� �)+* �2+3�

 �
 �*��
���� .             .x��+0�� '+(�� �P�+Q .2+6 ��+��� �+& #�A�b,
    �+
 �	�R"� P�Q �
����
�   2+&�	)23 .(         �+& �)+* 2+A	��" �� O�+���
�

    �
 � �06�� '&��� [�3�0:    �+& [�3�0: �)* 2����    �� S�+�� �-+	� ���+3�
   2,� �,��)28.( �&  �
 �(�        '+(�� �	�R"� �� �� ��/	� 5
�X 23�
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      BC3 �� �	��, ��& [�3�0:22         �'+6�� �+�� P�Q .26 ����� ��� 
         �
 a��^� ��� k��� � �	��, ��& -Q S��
 �,��26�& .  >��JX �&

                BC+3 #+	� �� �	��+, �+�& �& [�3�0: `�Z0�� � �)* 'X�3 ��/	�
       '3� S��& S��� 26� 'X�3 �� �0-�& ����� . � ��    [�+3�0: '(�� ��$�0

    '3� �0"�	 �	�R"� �	��, ��& .   .���7b, � #l)14 (   2+���� t��R+�
   ��& [�3�0: '(�� �� �
 ��,    �� �l30       � �	�R+"� ����� �� W: ���
    '"�	 �,�� .� �� W: .          '+(�� �,�+� �P�+Q .26 ����� �� W:

 ��& [�3�0:  �& �JA: ��,     .���7b, � �A���, ���3�)22(     �+��^� O2+X �
�AT
���           �+& ���C�+3 [�� ��/�� S��� ��& AU: [�3�0: '(��   ���+3�

    ��	�: � W��03�)49(       �& �$��	 �	��, ��& [�3�0: '(�� �,�� �-
     .���7b, � '3��0b3� ���3�)47 (         �+�& [�+3�0: '+(�� �,�+� �

  �& �JA: �	��,     .���7b, � �����
 ���3�)31 (  '3� S26 t��R� . '�X
        @	�0� � �
 �3��& @	�0� �� >��D�        �DY+" �+�& �� 9�J� .�ZZr
 �	�3

2	��� .��&.  
 #�/���
 �Y	�Z
         ��+?� ��� 'r� �	��, ��& [�3�0: '(�� ��,

 �"�8
 BC3 �	�R"� � �
�� ��� ��&��� �& �� ��� .�-� �%� ��,���

     �& �	��, ��& [�3�0: '(�� �.� �AT
 ��<     �+%� '"�	 �	�R"� ����
     '"�	 �,�� ��!�" #$% V�8
 �&) `�2*7 .(� �+& �
�� ��  .��+AX
      5&�� [�3�0: �[�3�0: �� �A� IJA
 	    �
 �	�R"� �� P�Q �)*  n2+,�

        �
 �	�R"� R�� S��� j3�� [�3�0: �)* ��$�0� ��2&�	 .  `�2*2  .�-� 
�
    5&�� [�3�0: '(�� �� 2,�     ��2\ �
�� ��� �)*4/2     #+$% �+&��& 

 �
 ��!�"26�& .    5&�� [�3�0: .�l �`�\ #	� �&  �+!�" #+$% �)* �
               R+�� ��!�" #$% ��&��� �& �� ��& #	� ��(0�� ���& �0-�& P�Q ��Q ��

     2&�	 �	�R"� �	��, ��& [�3�0: '(�� .    ��& [�3�0: '(�� �,��
   �
 �� ��!�" #$% BC3 �� �, ��&��� �& �	��,   �0-+�& 2+6� �& .���

              �+�� k��� � �	��, ��& -Q S��
 �	�R"� � ;�C3 #	� �� .�,���
  '��)28 ('JY� ���  .          ���+!�" #$% BC3 �� �, �� ��/	� >��JX �&

                =J+3 � '+3� S��+& �0-+�& [�3�0: �)* 'X�3 �� S��� 26� 'X�3
      '3� S2	��� �	��, ��& [�3�0: '(�� �,�� .    �=�C
 #	� 2�	�� ��

��X  �AT
 �,�� [��         �)+* ��2+Z
 ��	��+, �+�& [�3�0: '(�� ���
�AT
 >��D� 2,�6 �& �	��, ��& �� [�3�0: ��� '6�2�) `�2*8.(  

  
 �	��9-0�L7�� �Q���  
� +D�E)mg/g dw ( +59 �U�� �� =��& 	 >�?��@ �ABC �*) ��� 	 ,F�E ��A� �H�  

��A� �H�  Z�[&  =��&  =�&%@  �$Q#  =�Q��  =�"�B�
0  d 3/6  b 2/10  b 46/0  c 31/7  b 59/1  
2  b 6/7  a 5/11  a 55/0  b 53/8  b 81/1  
4  c0/7  a7/11  c41/0  c41/7  b71/1  
8  a5/8  a1/11  c42/0  b19/9  b89/1  

����� >2
  
)���(

22  bc 4/7  a 7/11  d 36/0  a 15/10  a 37/2  
2,�6  b 1/8  c93/6  d 24/0  a 86/8  a 29/2  

 �
�� ���)g/kg 15(  d3/5  b0/18  c42/0  b94/6  b21/1  
 �
�� ���)g/kg 30(  c 4/6  a 0/19  b 53/0  a 58/8  b 52/1  

#$% ��!�")g/kg 15(  a8/8  d6/5  c43/0  a66/8  a17/2  
�%� ��� ��2Z
 � IJA
  

#$% ��!�")g/kg 30(  b2/8c7/6a 58/0a 54/9a 17/2  
     #�/���
 �.�03 �, ���AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.  
  

 �	��10-0�L7�� �Q���  
� ,S�)mg/pot (>�?��@ �ABC +59 �U�� �� =��& 	  �*) ��� 	 ,F�E ��A� �H�  
��A� �H�  Z�[&  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  b 8/47  c 5/113  b 54/3  b 44/55  b 30/12  
2  a 4/62  a 142  a 74/4  a27/69  ab63/14  
4  b1/52  ab8/134  b12/3  b 92/54  b 59/12  
8  a6/66  ab3/139  b40/3  a85/69  ab94/13  

����� >2
  
)���(

22  b  5/48  bc 123  c 40/2  a 03/67  a 54/15  
2,�6  b 2/51  d 1/69  e 54/1  c 54/54  b 02/14  

 �
�� ���)g/kg 15(  c8/37  b3/196  d94/2  c27/48  d370/8  
 �
�� ���)g/kg 30(  b 2/49  a 5/226  b 11/4  b 91/65  c 57/11  

#$% ��!�")g/kg 15(  a2/70  cd9/71  c54/3  b88/67  a04/17  
�%� ��� ��2Z
 � IJA
  

#$% ��!�")g/kg 30(  a1/69c7/88a07/5a90/79a00/18  
     #�/���
 �.�03 �, ���AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.  
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 #�/���
 �Y	�Z
          �+%� ��+,��� � ����� 5&�Z0
 ��� ��,)  `�2+*

11 (: '(�� #	�0-�& �� ��� .�-�   �	��+, �+�& [�3�0)mg/g dw 
77/20 (   ��b�� ��30                ��� �� �+& � P�+Q O���+��� �+& �+
�� ��� O�� 

 .� #	�++0b� � ��++���)mg/g dw 70/5 ( ��++b�� ��30 #++$% O�++� 
             n2+	��� S2,�-+
 ����� .�2& j	��6 �� � P�Q O������ �& ��!�"

     �AT
 >��D� �,��b�� �Q�& �& 2Al�, '6�2� ��� .    '+(�� >��+��^� 2��� 
              ;�C+3 �� P�+Q .2+6 ����� >2
 �	�R"� �& �	��, ��& [�3�0:

    ��& >��D0
 �%� ���
 h�0�
 .     � 2,�6 BC3 ��30    ��!�" #$% O�� 
              [�+3�0: '+(�� P�+Q .26 ����� >2
 �	�R"� �& P�Q O������ �&
        ��+& >��D0
 2��� #	� ;�C3 �	�3 �� �%� '"�	 �	�R"� �	��, ��& .

      P�Q .26 ����� >2
 .��
)���(      �	��+, �+�& [�+3�0: '+(�� � 
)mg/g dw (    �+++C&�� ��+++%� ��+++� ��&��+++� .�2+++& j	��+++6 ��

Kcon=0.149(Time)+9.466 �++& r2=0.87** BC++3 �� � 30 O�++� 
     �+C&�� P�+Q O���+��� �+& ��!�" #$%Kcon=-0.017(Time)2+

0.63(Time)+5.807   �& R2=0.997**  2	��� S2,�-
  .  �&   �� S��D0+3�

 j&��� #	� �
    '+(�� .��+�           �� �� .���/&�+0"� �	��+, �+�& [�+3�0: 
��� �����& �J3�A
 '�� �& h�0�
 ��U��
� .  

                   �+�� R+�� � �+%� ��+� � ��+��� �+�� �� ��� .�-� W��	��� �	R$�
 .� 5&�Z0
             +	 `�+b0\� BC3 �� �	��, ��& �� [�3�0: �)* �& �,

 �AT
 2?��   2���& ���) `�2*4 .(#�/���
 �Y	�Z
 ����� ��?� ��� ��,
)2*  `�8 (              �)+* P�+Q .2+6 ��+��� >2
 �	�R"� �& �� ��� .�-�

       �� �20&� �	��, ��& �� [�3�0:2          �� 9��2+$
 � �	�R+"� ����� ��� 4 
        �AT
 ���^� .� �� W: �%� '"�	 �,�� ��� ��7� ���� .   �+�%�� �	�R"�

             [�+3�0: '+(�� �	�R"� �� �6�� 9��2bX �	��, ��& �� [�3�0: �)*
     2T& �,�� � '3� �	��, ��&    �,�+� �� �+6�� .� .2��
 '&�� � �

       �
 �	��, ��& -Q S��
 �,�� � '(�� 2+6�& .     ��+��� �� W+:
                � .���/&�+0"� �	��+, �+�& �� [�+3�0: �)+* �,�+� �P�Q .26

 �& O����3  ��Y* � ���l��� ���3�)37 ( ��*�
 [�3�0: ��2Z
 �,�� �
 ��& ��    �& �	���� S��� 	 ��,        .��+l � O�+7�� ���+3�)35 (  t��R+�

6'3� S2 .  
  

 �	��110�L7�� �Q��� _ 
� +D�E)mg/g dw ( +59 `���L�%#) ����� ;<� =��& 	 >�?��@ �ABC �*) ��� 	 ,F�E a��%� �H�  
�*) ���   ,F�E G��)P	�(  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  168/0  l ijk 99/8  m 09/0  bcd 36/14  bcd 64/1  
2  289/0  hij f-i 43/10  lm 13/0  c-h59/11  b-f24/1  
4  280/0 hij g-j62/9  lm 12/0  ghi 96/9  ef 85/0  
8  274/0  hij f-i04/11  l15/0  e-i62/10  c-f05/1  

2,�6  

22  384/0  c-f def 64/12  bc 42/0  b-f 66/13  a 58/2  
0  293/0  hij cd79/13  d-g35/0  b-e 02/14  b-f 23/1  
2  338/0  e-i f-i48/10  b44/0  bc 65/14  b 88/1  
4  372/0 e-i d-g 87/11  cde 36/0  c-g 88/12  def 89/0  
8  383/0  c-f e-h42/11  bcd40/0  c-h60/11  c-f98/0  

15P�Q O������ �& �
�� ��� O��   

22  370/0  c-f cde32/13bcd38/0f-i22/10c-f05/1
0  jk 235/0  e-h 56/11  k 20/0  b-e 92/13  f 80/0  
2  cde389/0  a 77/20  a 55/0  ab9/16  b-f46/1  
4  c424/0  c25/15  f-i 31/0  b-e 06/14  b-f 35/1  
8  b544/0  cde43/13  b43/0  b-e73/13  b-f18/1  

30P�Q O������ �& �
�� ��� O��   

22  a 702/0  b 67/18  bcd 40/0  a 86/17  bc 74/1  
0  kl 186/0  klm10/7  jk23/0  c-g 99/12  b-e 58/1  
2  e-i329/0  ijk10/9  hi29/0  abc 94/14  bc 71/1  
4  c-f376/0  hij 56/9  d-h 35/0  bcd 30/14  b 87/1  
8  gh300/0  lm79/6  ij28/0  bc65/14  b-f47/1  

15P�Q O������ �& ��!�" #$% O��   

22  f-i 323/0  f-i06/11d-i35/0b-e7/13bcd54/1
0  c-f380/0  m 70/5  ij 28/0  c-h 82/12  b-e 61/1  
2  hij291/0  klm 08/7  ghi 30/0  d-i02/11  b-f20/1  
4  def 360/0  jkl20/8  c-f 37/0  i 96/7  b-f 14/1  
8  d-g357/0  g-j64/9  cde37/0  hi42/9  b-f29/1  

30P�Q O������ �& ��!�" #$% O��   

22  cd413/0e-h 40/11  e-i 32/0  c-h 64/11  b-f 41/1  
#�/���
 �.�03 �, ���0-
 #��] V�\ 	 5��2\ ����� ��,�AT
 >��D� P2���2� ���.



$�%!�& ���� '	�* �+� �* '!�� ��� 
 �,/�0 457 ���8�: �;�...     627  

  
 #�/���
 �Y	�Z
      �%� ��,��� ��?� ��� ��,)  `�2*8 (   ��� .�-+�

               �� [�+3�0: �)+* .� �"�8
 BC3 �	�R"� � �
�� ��� ��&��� �& ��
                �� [�+3�0: '+(�� �	�R+"� �� �+6�� �+� '"�	 �	�R"� �	��, ��&
              V�Q�+& �+%� ��+& �	��, ��& -Q S��
 �	�R"� � �	��, ��&

�(0��         BC+3 �� ��!�" #$% ��&��� �& �	��, ��& �� [�3�0: �)* �
    �+AT
 >��++D� O�� BC+3 �� � '+"�	 �,�+� .� `��  2,�++6 �+& ����

'6�2� .                #+$% ��&��+� �� W+: S�+�� -+Q S��+
 �	�R"� �& �*�� �& 
  �
 �� �,�� #	� ���!�"       �+�& [�+3�0: '+(�� �,�+� �+& .��+�

  ��� 'JY� �	��, .        .�+�
 �=+�C
 #	� 2�	�� ��      �+�& [�+3�0: '+(��
 �	��,)mg/g dw ( �	��, ��& �� [�3�0: �)* �)mg/pot( �C&�� �

Kup=6.819(Kcon)+5.745   �& r2=0.808**     .�-� �� 2	��� S2,�-
 
�
             �� �+6�� �	��+, ��& �� [�3�0: �)* >����^� S2bX ��& 2,�

   �
 [�3�0: '(�� >����^� 2+6�& .   #�/��+�
 �Y+	�Z
      5+&�Z0
 �+�� ��+,
  �� � �����    �+%� ��,�)   `�2+*12 (         �)+* #	�0-+�& �+� ��� .�-+�

   �	��+, �+�& �� [�3�0:) mg/pot5/168(  ��+b�� �� �30   ��+� O�+� 

         2	��� S2,�-
 ����� ��� �� � P�Q O������ �& �
�� .  �)* #	�0b�
  �	��+, ��& �� [�3�0:) mg/pot47/45(  ��+b�� �� �30   #+$% O�+� 

        � '32& ����� .�2& � P�Q O������ �& ��!�"        �+& �+� 2+Al�, 2+

   �AT
 >��D� �,��b�� �Q�& '6�2� ���� .      [�+3�0: �)* �& ����� �����

            nW7X�& � '6�� �/0Y& �"�8
 �%� ��� ;�C3 �& �	��, ��& ��
�&              �+Q�& �� �	��+, ��& �� [�3�0: �)* �& ����� ����� �� ���<

   �AT
 �%� ��� ;�C3      �AT
 �/	� �Q�& �� �%� ��J� ���   ��& ���)  `�2+*
12( .  

              ��� R�� � �%� ��� � ����� ��?� ��� �� ��� .�-� W��	��� �	R$�
           �AT
 2?�� 	 `�b0\� BC3 �� �-	� [�3�0: '(�� �& �U�� 5&�Z0
-

   2���& ���)  `�2*5 .( #�/���
 �Y	�Z
     ����� ��?� ��� ��,)  `�2*9 (
                 [�+3�0: '+(�� ���� �� >2+
 �+& P�Q .26 ����� �& �� ��� .�-�

 �& �-	� T
 ��<�A           >2+
 �	�R"� �& .� �� W: �%� '"�	 �	�R"� ����
2��
 ���& '&�� ����� .�
�.  

  
 �	��120�L7�� �Q��� _ 
� ,S�)mg/pot ( `���L�%#) ����� ;<� �� =��& 	 >�?��@ �ABC +59 �*) ��� 	 ,F�E a��%� �H�  
�*) ���   ,F�E G��)P	�(  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  h 25/1  c-g 64/67  j 65/0  d-i 4/322  d-i 18/37  
2  d-h93/1  c-f52/69  ij85/0  f-i3/287  d-i75/30  
4  e-h77/1  d-g12/61  ij78/0  i 0/214  i 40/18  
8  gh35/1  fg78/54  j73/0  hi3/221  hi12/22  

2,�6  

22  bf 36/2  c-f 5/77  d-h 59/2  ghi 7/262  a-f 33/49  
0  fgh78/1  cd 33/84  gh15/2  a-d 4/448  b-i 38/39  
2  c-f23/2  c-f35/70  c-f 94/2  c-g8/375  a-e06/50  
4  bcd 81/2  c 03/90  c-g 75/2  c-h 4/348  f-i 19/24  
8  bc93/2  c52/87  b-e03/3  d-i6/325  e-i46/27  

15P�Q O������ �& �
�� ��� O��   

22  bf48/2c79/88d-h57/2i0/213ghi08/23
0  fgh 63/1  cde 06/80  i 40/1  a-e4/424  ghi 49/23  
2  c-f15/3  a5/168  a45/4  a-d 7/447  c-i65/38  
4  b14/3  b6/112  fgh26/2  a-f5/399  c-i 73/38  
8  a74/4  b3/113  b67/3  a-f 2/402  d-i56/34  

30� �& �
�� ��� O�� P�Q O�����  

22  a 03/5  b 5/133  c-f 89/2  abc 7/468  a-h 76/45  
0  e-h72/1  c-g 65/65  gh15/2  a 5/523  abc 76/63  
2  bcd80/2  c-f12/77  d-h 46/2  abc2/483  a-d73/55  
4  bcd 77/2  c-f 16/70  d-h 58/2  ab 6/509  a 20/67  
8  b-f45/2  efg65/55  fgh25/2  abc2/482  a-g32/48  

15 ��!�" #$% O�� P�Q O������ �&  

22  c-g19/2c-f95/73e-h34/2c-g6/366b-i60/41
0  bc 02/3  g 47/45  fgh 26/2  ab 3/515  ab 08/64  
2  bc98/2  c-f83/72  bcd10/3  a-f4/410  a-h83/44  
4  bc97/2  c-g17/67  b-e03/3  e-i 4/302  a-h 81/44  
8  b24/3  c11/87  bc37/3  c-g3/354  a-h26/46  

30P�Q O������ �& ��!�" #$% O��   

22  b-e 57/2  c-f 94/70  h 00/2  b-g 7/387  a-h 93/46  
#�/���
 �.�03 �, ���AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.
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            '+(�� 'bY+� �� 9�J� �-	� [�3�0: '(�� ��%�� �	�R"� 5�%�

      '+3� S26 .��& �	��, ��& [�3�0: .      .���+7b, � '+3��0b3�)47 (
   �-	� [�3�0: '(�� �,��             �� P�+Q .2+6 ��+��� �� W+: �+$��	 

��R� 2���� t .           .u�Y+�� �A+� � �	�U� ��Jb� ����� j	��6 �
��� �&
       �+
 [�3�0: `�T" �)* �� ������* zX�& ���+� .     '+(�� ��+$�0� ��

     �
 �,�� S��� �-	� �� [�3�0:  2&�	)47 .(      '+(�� �+
�� ��� ��&���
   �& �� �-	� [�3�0: �AT
 ��<          ��&��+� �+& �� �%�\ �� ��� �	�R"� ����

  �� ��!�" #$% `�� BC3      �� � '+"�	 �,�+� �-+	� [�+3�0: '+(
   �AT
 >��D� O�� BC3        '+6�2� 2,�+6 �+& ����)   `�2+*9 .(  �Y+	�Z


#�/���
           #	�0-�& �� ��� .�-� �%� ��,��� � ����� 5&�Z0
 ��� ��,
 �-	� [�3�0: '(��) mg/g dw57/20 ( ��b�� ��30 �
�� ��� O�� 
 � P�Q O������ �&4 2	��� S2,�-
 ����� ��� ) `�2*13( .  

             � �+%� ��,��� � ����� ��?� ��� �� ��� .�-� W��	��� �	R$�
   .� 5&�Z0
 ��� R��            +	 `�+b0\� BC3 �� �-	� �� [�3�0: �)* �& �,

 �AT
 2?��   2���& ���)  `�2*6 .(   #�/��+�
 �Y+	�Z
      ��+?� �+�� ��+,
     �%� ��,��� � �����)  `�2*10 (           .2+6 ��+��� �+& �+� ��� .�-+�

     � �-	� �� [�3�0: �)* �P�Q           .2+6 ��+	� �+& Wy+3 � '"�	 �	�R"
       �& '"�	 �,�� 9��2$
 P�Q .26 ����� >2
    �� �� ���<22  ��� 

    �AT
 >��D� 2,�6 �& ����� '6�2� ��� .�& �
 �(�    �+�%�� �	�R"� 23�
    �& �-	� �� [�3�0: �)*          � S��+& �-+	� [�+3�0: '(�� �	�R"� 5�%�

             �+
 �-+	� -+Q S��+
 �,�� �� �6�� .� �2T& �,�� 2+6�& . +& �
                �)+* ���+!�" #+$% O�� BC+3 � �
�� ��� BC3 �� �, ��&���

    '"�	 �	�R"� �-	� �� [�3�0: .       ��&��+� �& [�3�0: �)* �	�R"� ��2Z

        ��& ��!�" #$% �� �0-�& �
�� ���)   `�2+*10 .(    �)+* #	�0-+�&

    �-	� �� [�3�0:)mg/pot 3/258 (   ��b�� ��30        �+& �+
�� ��+� O�� 
    � P�Q O������8    ����� ���   ��&)  `�2*14 .(    [�+3�0: `�Z0�� ��0��"

        ��& 	 �� �0-�& �,��b�� =��� ��)�&   #�/���
 ��<27/1 (   �/��+�& ��
           'JY+� .���/&�+0"� �	��, ��& [�3�0: '(�� #�/���
 .��& �0-�&

  ��& �-	� �& .    #�/���
 �Y	�Z
 �`�\ #	� �&    ���b� �� .�
�� �& �,  ��+,
         �AT
 >��D� �	��, ��& [�3�0: '(�� �� ��� .�-� �0D*   �+& ����

'6�2� �-	� [�3�0: '(��.  

  

 �	��130�L7�� �Q��� _
� +D�E )mg/g dw (+59 `���L�%#) �U�� =��& 	 >�?��@ �ABC �*) ��� 	 ,F�E a��%� �H�   
�*) ���   ,F�E G��)P	�(  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  def 71/7  ijk 35/5  j 21/0  hij 67/6  di 57/1  
2  cd 73/8  g-j 04/6  ij 24/0  b-f 34/9  bcd 22/2  
4  def65/7  e56/9  ij24/0  ch90/8  bcd26/2  
8  cde13/8  hij90/4  j22/0  ab48/11  ab70/2  

2,�6  

22  cd 28/8  ef 79/8  hi 31/0  d-j 92/7  ab 73/2  
0  ij 01/5  d27/15  fg 41/0  ij 24/6  ghi 10/1  
2  hij34/5  bc61/18  cde51/0  f-j92/6  e-i32/1  
4  j 35/4  bc 87/17  def 47/0  g-j 74/6  hi 02/1  
8  def54/7  abc83/18  def47/0  hij64/6  i89/0  

15�� ��� O�� P�Q O������ �& �
  

22  j66/4ab46/19ij 25/0d-i 21/8c-h 76/1  
0  ghi 93/5  abc 88/18  bc 56/0  f-j 01/7  d-i 54/1  
2  ghi 93/5  c 60/17  b 61/0  b-e 71/9  c-i 71/1  
4  hij45/5  a57/20  bcd55/0  j66/5  f-i27/1  
8  fg69/6  abc17/19  b60/0  b-g21/9  d-i44/1  

30& �
�� ��� O�� P�Q O������ �  

22  cd 26/8  abc 04/19  gh 35/0  abc 35/11  c-i 65/1  
0  ghi 12/6  hij82/5  cde 51/0  e-j 29/7  c-i 75/1  
2  ab24/10  fgh55/7  bc56/0  ej44/7  b-g90/1  
4  a 96/10  ijk 32/5  h 33/0  f-j 07/7  b-h 86/1  
8  ab11/10  jk77/5  gh34/0  d-i30/8  b-e18/2  

15�!�" #$% O�� P�Q O������ �& �  

22  fgh56/6k88/3ef 45/0a 22/13a 20/3  
0  fg 73/6  hij 84/5  b 62/0  b-f 36/9  b-f 02/2  
2  de 02/8  ef 00/8  a 86/0  bg 25/9  b-g 91/1  
4  efg 95/6  ijk28/5  cdef49/0  d-i71/8  b-f13/2  
8  ab41/10  f-i08/7  def47/0  bcd34/10  bcd28/2  

30& ��!�" #$% O�� P�Q O������ �  

22  bc 26/9  fg 66/7  def 48/0  bcd 05/10  abc 52/2  

 �.�03 �, ��#�/����AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.
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 �	��140�L7�� �Q��� _ 
� ,S�)mg/pot ( `���L�%#) �U�� �� =��& 	 >�?��@ �ABC +59 �*) ��� 	 ,F�E a��%� �H�  
�*) ���   ,F�E G��)P	�(  =��&  =�&%@  �$Q#  =�Q��  =�"�B�

0  b 37/57  efg 43/63  jk 59/1  g-i 33/49  d-h 76/11  
2  b 27/58  efg 19/63  jk 56/1  c-j95/61  b-f62/14  
4  bcd76/48  de69/95  jk56/1  d-j 99/56  b-f 45/14  
8  c-f85/40  g53/38  k10/1  d-j1/56  d-h54/12  

2,�6  

22  bcd  8/50  ef 65/84  h-k  90/1  g-j 35/48  a-e 72/16  
0  f 74/30  c 7/145  g-j 51/2  i 29/38  h 79/6  
2  def4/36  b6/196  d-g40/3  hij81/46  fgh99/8  
4  ef 98/32  b 3/211  d-g 52/3  f-j 81/50  gh 67/7  
8  b98/57  ab7/225  c-g63/3  f-j90/50  h81/6  

15P�Q O������ �& �
�� ��� O��   

22  f07/31b2/202ijk65/1e-j54/54dh59/11  
0  c-f 83/40  b 5/201  b-f 92/3  g-i 93/47  e-h 75/10  
2  b-e 15/48  ab 6/221  bc 96/4  a-e94/77  c-g63/13  
4  c-f36/40  ab9/237  b-f04/4  ij 84/41  fgh 39/9  
8  b53/57  a3/258  b17/5  a-d24/80  d-h34/12  

30P�Q O������ �& �
�� ��� O��   

22  b  26/59  b 1/213  g-i  49/2  abc 60/81  d-h 74/11  
0  bc 63/56  ef 04/84  bcd 74/4  b-h 09/67  a-e 16/16  
2  a03/87  de5/100  bcd76/4  c-i34/63  abc13/16  
4  a 95/80  efg 01/61  g-k 40/2  f-i 1/52  a-d 68/13  
8  a33/82  efg52/73  f-j77/2  b-h01/68  c-g70/17  

15 �& ��!�" #$% O�� P�Q O������  

22  b-f26/44fg68/40e-i03/3ab86/88a56/21  
0  bc 58/53  ef 79/72  bc 98/4  a-f 54/74  a-e 07/16  
2  a 42/82  cd 128  a 01/9  a28/96  abc79/19  
4  b42/57  efg93/67  b-f08/4  a-g 86/72  a-d 76/17  
8  a56/94  de4/100  b-e32/4  a03/94  ab32/20  

30% O�� P�Q O������ �& ��!�" #$  

22  b  1/57  efg 67/74  e-i  97/2  c-j 81/61  a-e 07/16  
#�/���
 �.�03 �, ���AT
 >��D� P�0-
 #��] V�\ 	 5��2\ ����� ��,2���2� ���.

  
 ����� ��� � ���� �� ��
�! �� � ����  

              ��� R�� � �%� ��� � ����� ��?� ��� �� ��� .�-� W��	��� �	R$�
 .� 5&�Z0
              +	 `�+b0\� BC+3 �� �	��+, ��& [�Y�� '(�� �& �,

 �AT
 2?��   ��& ���)  `�2*3 .( #�/���
 �Y	�Z
 � ����� ��?� ��� ��,
   �%� ���)  `�2*7 (          �P�+Q .26 ����� >2
 �	�R"� �& �� ��� .�-�

              BC+3 �� �� �2+0&� �	��+, �+�& [�Y+�� '(��4   � 8    ��+��� ��� 
          BC+3 �� S��+&�� �+%� '"�	 �,��22       '+"�	 �	�R+"� ��+��� ���  .

       �
 �� �	��, ��& [�Y�� '(�� ��%�� �,��   �& .���   �� �6�� �
2?
    .�	 '&��� ��� � �����           �� [�Y+�� �+& [	R+�A
 � [�3�0: �O����
� ��,

  'Y��� ��&�
 �)* .       .�+	 '+(�� ���+��� j	��6 ��    �O�+���
� ��+,
       �
 �	�R"� P�Q `��r
 [	R�A
 � [�Y�� �[�3�0:  2&�	)23  �33 � 41( n

      �
 [	R�A
 � [�3�0: �O����
� '(�� �	�R"�        �)+* �,�+� �+& 2+����
�Y�� �& [   ��6 �$A
 S��� ���3� .�& �
 �(�       �)+* ��+Z� .��& [� 23�

     'bY� �& ��2r
 �� �-	� �� [�Y�� �+
 �-	� P�� ��,  2+6�&)28( �
   �& S2	2: #	� �� R��26�J� ����� .    �+�& [�Y+�� '+(�� �2$
 �	�R"�

   �� �	��,22             �+�& -+Q S��+
 �,�� �& '3� #7b
 ����� ��� 

       ��&�
 a��^� ��� k��� � �	��,  26�&)28 .(     �P�Q .26 ����� �� W:
   ��& [�Y�� '(�� �	�R"�  �& �JA: ��,       .���+7b, � �+A���, ���+3�

)22(             �+& ���C�+3 [+�� ��/�� S��� ��& AU: [�Y�� '(�� �,�� �-
   ��	�: � W��03� ���3�)49(      �	��+, �+�& [�Y+�� '+(�� �,�+� �

 �& �$��	     .���7b, � '3��0b3� ���3�)47 (     �Y+�� ��2+Z
 �	�R"� � [
 ��& �� ��*�
  �+& �+	���� S��� 	 ��,    .��+l � O�+7�� ���+3�)35 (

  '3� S26 t��R� .          .�+�& �DY" ��& �� 9�J� >��D0
 @	�0� #	� 5	]�
2	��� .  

  V�8
15          �+AT
 �+��^� P�Q O������ �& �
�� ��� O��   �� ����
            .��R+"� �+%� ��+7� ��$	� �	��, ��& [�Y�� '(��30     ��+� O�+� 

   Q O������ �& �
��   � P�15  #$% O��         �P�+Q O���+��� �+& ��+!�"
   �& �� �	��, ��& [�Y�� '(���AT
 ��< ��� �	�R+"� ���� .  V�8+


30  #$% O��    �	��+, �+�& [�Y�� '(�� �P�Q O������ �& ��!�"
    ��� �,�� 2,�6 ��b�� �& 'JY� ��)  `�2+*7 .(   �+
 S2+	2: #+	�  2+����

         ��� k��� � �	��, ��& -Q S��
 �	�R"� �� �6��    26�& '�� )28 .(
  ���/	)9 (            .��R+"� �+& �� P�Q �%��J� � `��r
 [�Y�� '(�� �	�R"�
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   ��� t��R� ��!�" #$% .          �	��+, �+�& [�Y+�� '+(�� #	�0-+�&
)mg/g dw 86/17 ( ��b�� ��30   � P�+Q O���+��� �& �
�� ��� O�� 

22   .� #	�+0b� � ����� ��� )mg/g dw 96/7 (  ��+b�� ��30  O�+� 
#$%   �& ��!�"    � P�Q O������4             �+& �+� 2+Al �+, ��+& ����� ��� 

 '6�2� >��D� ���
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             �)* �& �%� ��� � ����� ��?� ��� �� ��� .�-� W��	��� �	R$�

         �AT
 2?�� 	 `�b0\� BC3 �� �	��, ��& �� [�Y��    �+%� ��& ���
  .� 5&�Z0
 ��� �AT
 �,   ��J� ���)  `�2*4 .(�Y	�Z
 #�/���
     ��� .�-+� �,

        �	��+, ��& �� [�Y�� �)* �P�Q .26 ����� >2
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   '"�	 �,��)   `�2+*8 .(   �+AT
 �,�+�     �+�& �� [�Y+�� �)+* ���
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 �
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            BC3 �& 'JY� [�Y�� �)* P�Q O������ �& �
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      '"�	 �	�R"� P�Q O������ �& �
�� ��� .      BC+3 �� [�Y�� �)*15 
 #$% O��  �� �0-�& P�Q O������ �& ��!�"30#$% O��   �+& ��!�"

    ��& P�Q O������)  `�2*8 (  �� �6�� ��     ��& [�Y�� '(�� �,�� 
    ��& O�� BC3 �� �	��, .     �)* �& ����� ����� �%� ��� .�2& BC3 ��

    �AT
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   .� #	�0b�)mg/pot 0/213 (   ��b�� ��15      O������ �& �
�� ��� O�� 
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�     2+A���JX �+� 2A,�
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 .� >����^� 2��� � '"�	 �	�R"� 9��2$
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 .�-� �� 2	��� S2,�-
   2,�8/52     >��+��^� 2+?�� 
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      �+AT
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 ;�C+3 �	�    ��+& ���)   `�2+*14 .(
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2       .� #	�0b� � ����� ��� )mg/pot 29/38 (  ��b�� ��15   ��+� O�+� 
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��    �,��b�� �Q�& �& ��
    '6�2� >��D� ���
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dw 58/2 (         � �+%� ��+� .�2& ��b�� ��22      .� #	�+0b� � ��+��� ��� 
)mg/g dw 80/0 ( ��b�� ��30    � P�+Q O���+��� �+& �
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 �)* �& �%� ��,��� � �����  ��+& ��� .
              �+AT
 �	��+, �+�& �� [	R+�A
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   �AT
 �-	� [	R�A
 '(��     .� 5&�Z0
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Abstract

 In a greenhouse experiment, the effects of waterlogging, sewage sludge and manure on the uptake and 
concentrations of P, K, Ca, Mg and Na in root and shoot of sunflower (Helianthus annuus L.) were investigated. 
A factorial experiment based on completely randomized design with three replications including duration of 
waterlogging at five levels (0, 2, 4, 8, 22 days), source of organic fertilizer at two levels (manure and sewage 
sludge) and each at three levels (0, 15, 30 grams per kg of soil) was conducted. The results showed that by 
increasing the duration of soil waterlogging, the P and K uptake and concentration in shoot and root, the 
concentration of Ca and Na in root, the Mg concentration in shoot, the uptake of Ca and Mg in root and the 
uptake and concentration of Na in shoot increased but P uptake and concentration in root and K uptake in root 
and shoot decreased again. By increasing the duration of soil waterlogging, the uptake and concentration of Ca in 
shoot decreased but the Ca concentration in shoot increased again. The effect of soil waterlogging on the Mg 
uptake in shoot was not significant. By application of sewage sludge and manure and increasing their amounts, 
the uptake and concentration of P in shoot and root, the uptake of Ca in shoot and root and the uptake and 
concentration of Na in shoot increased. The K uptake and concentration in shoot increased by application of 
manure and increasing its level while decreased by application of sewage sludge. The effect of soil waterlogging 
on the macronutrients and sodium uptake and concentrations in root and shoot was dependent on the source and 
amount of organic fertilizer and vice versa. The results demonstrated that even short periods of soil waterlogging 
(2 days) had considerable long-term effect on the concentrations of elements in plant. Generally, sunflower plant 
accumulated P, Mg and Na in root and Ca in shoot while the K concentration in root did not differ with shoot 
significantly. 
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